Ca 2+ -dependent changes in gene expression play a central role in neuronal function and response to synaptic input. Communication of activity-induced Ca 2+ elevations to the nucleus has been proposed to occur both through the direct spread of Ca 2+ through the direct spread of Ca 2+ itself from synapse to nucleus as well as through intervening second messengers. It is also known that several transcription factors, including NF-κB, NFAT, STAT3 and STAT5, can undergo cytoplasmic-to-nuclear translocation in neurons 1-4 . We have investigated the possibility that the transcription factor NF-κB could communicate Ca 2+ signals to the nucleus by translocating from distal neuronal processes and regulating activity-dependent gene expression in response to submembranous Ca 2+ elevation.
young adult TNFR -/-p65 -/-mice showed no stimulated or occult κB DNA-binding activity at synapses, whereas experiments with control TNFR -/-p65 +/+ mice yielded activation as seen for wild-type mice (Fig. 1e) . Both IκB-α and IκB-β were evident, but reduced, in immunoblotted whole-brain extracts of p65-deficient mice, as in p65-deficient fibroblasts (A. Hoffman and D.B., unpublished observations). In contrast, there was no apparent IκB in extracts from p65-deficient synaptosomes; this is consistent with the lack of NF-κB in p65-deficient synaptosomes because free IκB is rapidly degraded. In TNFR -/-p65 +/+ mice, IκB levels in synaptosomes were similar to those in extracts from whole brain of the same genotype (Fig. 1f) .
Nuclear translocation of NF-κB
To investigate nuclear translocation of NF-κB from distal processes, we considered using immunostaining for p65. However, in screens of available anti-p65 antibodies, we encountered a high degree of nonspecificity or cross-reactivity, with robust staining evident in both p65-knockout fibroblasts and neurons. We therefore focused on using a construct of enhanced GFP fused directly to the N-terminus of p65 (GFPp65), which was biolistically transfected into mature cultured hippocampal neurons. The amount of transfected DNA was titrated to achieve low expression levels 14 . GFPp65 was largely excluded from the nucleus, and it localized throughout the cytoplasm, including deoxycholate (DOC) 8, 9 . This detergent can reveal occult (IκB-bound) NF-κB by causing the release of NF-κB and was previously used to demonstrate the presence of NF-κB in synaptic extracts 10, 11 . DOC treatment revealed no occult p50:p50 at synapses, although the same procedure did reveal abundant p50:p50 in the total cytosolic fraction (Fig. 1c) from the same preparation. This finding was corroborated in cortical synaptosomes. Mutation of the 40-bp DNA oligonucleotide at two adjacent residues of the consensus NF-κB binding sequence resulted in complete loss of synaptosomal DNA-binding activity, demonstrating the specificity of κB DNA-binding (Fig. 1d) . The finding that the synaptic NF-κB pool can be activated implies that all components required to activate the NF-κB transcription factor, including a Ca 2+ sensor, must be present in synapses or adjacent dendritic regions.
Absence of synaptic NF-κB in p65-knockouts
The selective localization of p50:p65 at synapses led us to test for the presence of NF-κB in synapses from p65-knockout mice. Because deletion of the p65 gene is embryonic lethal due to hepatic failure 12 , we used TNFR -/-p65 -/-double-knockout mice in which mutation of TNF receptor 1 rescues lethality 13 . These mice are highly prone to infection, but could be maintained for fairly normal lifespans (≥1 year) in a reduced pathogen environment on antibiotic-containing or acidified water. EMSA performed on hippocampal synaptosomes from ; lanes 1,3) . The Ca 2+ ionophore ionomycin (2 µM, lane 4) also activated DNA binding by neuronal NF-κB, and this activation was not potentiated by coapplication of phorbol ester (PMA, 50 ng/ml, lane 5). The inclusion of antibody in binding reactions super-shifted bound complexes to permit identification of the NF-κB components (lanes 6,7). Free probe unshifted by NF-κB binding runs to the bottom of the gel. (c) Isolated hippocampal synapses contain p50:p65 complexes but do not contain p50:p50 homodimers. Glutamate stimulation (300 µM) did not activate p50:p50 (lane 4), and DOC treatment with or without glutamate (lanes 3,5) did not reveal κB consensus DNA binding by occult p50:p50 (n = 3, representative EMSA shown). Nuclear extract from TNF-α stimulated 3T3 fibroblasts was used as a control (lane 1). (d) The mobility of a DNA oligonucleotide containing the consensus κB sequence (lanes 5-9) is compared to one with a mutated κB site (lanes 1-4) by EMSA in synaptosomal preparations (n = 3, representative EMSA shown). DNA binding of the p50:p65 complex is stimulated by depolarization (KCl, 60 mM) and glutamate (300 µM) or Ca 2+ ionophore (ionomycin, 2 µM) application (lanes 6,7,9 compared to lane 5). Lane 8 shows the effects of removing external Ca 2+ with EGTA (1.5 mM) on glutamate-induced NF-κB activation. (e) EMSA of extracts from unstimulated (lanes 1,4) or glutamate-challenged (300 µM; lanes 3,5) synapses from TNFR -/-p65 -/-and TNFR -/-p65 +/+ mice. Treatment with the detergent DOC did not reveal occult binding of κB DNA in synapses of TNFR -/-p65 -/-mice (lane 2). Antibody supershifting of extracts from glutamate-stimulated TNFR -/-p65 +/+ synaptosomes revealed NF-κB dimers composed of p65:p50 (lanes 6,7). (f) Immunoblotting of synaptosomal extracts showed that synapses from TNFR -/-p65 -/-mice do not contain detectable IκB. Extracts from isolated synapses (lanes 3,4) and whole brain (lanes 1,2) of TNFR -/-p65 -/-and TNFR -/-p65 +/+ mice were probed for IκBα and IκBβ. Equal amounts of total extract protein were loaded in each lane. VOLUME 6 | NUMBER 10 | OCTOBER 2003 NATURE NEUROSCIENCE ment into the bleached segment beginning within 5 min of stimulation in five out of seven neurons (no response in two neurons). Fluorescence recovery rate estimates were 3.5 × 10 -2 µm/s in stimulated dendrites versus 2.5 × 10 -3 µm/s in unstimulated dendrites (slow unstimulated recovery rates required low GFPp65 expression levels; see Supplementary Methods online). Stimulated fluorescence movement continued in a predominantly retrograde direction until the length of the bleached region was traversed (Fig. 2b-d) ; anterograde fluorescence recovery rates were not distinguishable from recovery rates in unstimulated dendrites. The calculated recovery rate must underestimate the actual rate of free GFPp65 movement by including the time required for the asynchronous, stimulus-induced phosphorylation and degradation IκB. The slow fluorescence recovery rate without stimulation is consistent with tethering of NF-κB in position prior to stimulus-induced degradation of IκB. The translocation kinetics observed with GFPp65 are in accordance with the time course seen for nuclear accumulation of endogenous p65 in our EMSA experiments and for activation of a proximal and distal dendrites, and some spine-like structures ( Fig. 2 and Supplementary Methods online). In neurons, but not in glia, stimulation by depolarization, glutamate or NMDA caused a large reduction in distal dendritic GFPp65 fluorescence with detectable nuclear fluorescence appearing 20-30 min after stimulation ( Supplementary Fig. 1 online) .
Fluorescence recovery after photobleaching (FRAP) experiments were used to investigate GFPp65 movement in more detail. In the first set of experiments, dendritic segments were photobleached to examine kinetics of fluorescence mobilization within dendrites. In the second set of experiments, the cell body and proximal dendrites were photobleached to assess the ability of GFPp65 in distal processes to reach the nucleus following stimulation. To eliminate the possible contribution of new protein synthesis to fluorescence recovery, neurons were bathed in anisomycin (30 µM) for 1 h before and during FRAP experiments. In photobleached dendritic segments, bath perfusion (3 min) of glutamate, NMDA or depolarization solution resulted in fluorescence move- known NF-κB target gene, IκB α ( Supplementary Fig. 2 online) . Previous reports of p65 nuclear accumulation in neurons describe a significantly slower time course; however these experiments were not done at 37 °C and overexpression of p65 or IκB is a possibile problem 2 . Indeed, a recent report indicates that coexpressing IκB with p65 in HeLa cells retards p65 nuclear translocation 17 .
In the second set of FRAP experiments, the cell body and proximal dendrites were photobleached to assess the ability of GFPp65 in distal processes to reach the nucleus following stimulation (Fig. 3) . Leptomycin B, an inhibitor of CRM1-mediated nuclear export, was included in the perfusion media (beginning during photobleaching) to trap GFPp65 that reached the nucleus, thus permitting small amounts to be more readily detected. Bath application of NMDA resulted in the appearance of fluorescence in the cell body and nucleus within 30-45 min in four out of five neurons (no response was observed in one neuron). Calculation of the change in nuclear fluorescence (from the bleached value) divided by total photobleached nuclear fluorescence (∆F/F) provided a normalized measure for comparing nuclear fluorescence changes across experiments. After 35 min, unstimulated photobleached neurons accrued a nuclear ∆F/F of 1.5 ± 0.6 compared to 6.2 ± 2.4 in stimulated neurons (data calculated for 4 of 5 responding neurons). Taken together, our EMSA and dynamic imaging studies support the idea that Ca 2+ elevation from synaptic stimulation leads to translocation of NF-κB to the nucleus where it binds to DNA.
NF-κB activation by Ca 2+ requires CaMKII
Phosphorylation and dephosphorylation are the most common mechanisms of transcription-factor regulation, particularly for rapid alterations in activity. We further investigated the Ca 2+ -dependent pathway leading to NF-κB activation by inhibiting an important Ca 2+ -dependent phosphatase, as well as a Ca 2+ -dependent kinase. Inhibition of calcineurin with high-dose Cyclosporin A (5 µM CSA; Fig. 3a) or a combination of CSA and ascomycin (FK506 analog, data not shown) had no effect on NF-κB activation. In contrast, inhibiting Ca 2+ -calmodulin dependent kinases (CaMKs) with KN-62, a general CaMK inhibitor, or a potent and specific peptide inhibitor of CaMKII 18, 19 (antCNt, see Methods and Supplementary Methods online) completely inhibited NF-κB activation by depolarization, glutamate or basal activity. A reverse-order version of the CaMKII peptide inhibitor (antCNt-R) did not inhibit NF-κB activation (Fig. 3a) . To further evaluate CaMKII involvement in NF-κB activation, hippocampal neurons were mock-transfected, co-transfected with with plasmids encoding constitutively active CaMKIIα (T286D mutant 20 ) and GFP, or transfected with a GFP-encoding plasmid alone. T286D CaMKII expression resulted in robust activation of NF-κB by EMSA at a transfection efficiency varying between 8-15% calculated from GFP expression ( Fig. 3b and Supplementary Methods online) . CaMKII activity has previously been shown to be essential for long-term adaptive responses in neurons 14 , but the reported connection to transcription has focused largely on CaMKIV. Unlike CaMKIV, which is localized predominantly to the nucleus, CaMKII is concentrated at synapses, which could make it considerably more responsive to local Ca 2+ dynamics. NF-κB translocation from distal processes further suggests that local Ca 2+ fluxes might be sufficient for its activation.
NF-κB activation by local Ca 2+ elevation
Ca 2+ influx resulting from synaptic activity can spread throughout dendrites and extend to the neuronal cell body. To assess whether 
-BAPTA (50 mM) did not significantly attenuate NF-kB activation compared to bicuculline alone; EGTA (50 mM or 100 mM (2× EGTA)) modestly decreased NF-kB activation (t-test, P ≤ 0.10) and BAPTA effectively eliminated NF-kB activation (P ≤ 0.001). (d) Cultures were co-infected with an NF-kB-reporter gene (kB-luc) or an NFAT-reporter gene (NFAT-luc) and, to permit normalization, a constitutively expressed b-galactosidase. Data shown are averaged replicates from four separate assays. Br 2 -BAPTA (50 mM) did not significantly attenuate NF-kB activation compared to bicuculline alone. EGTA (50 mM or 100 mM (2× EGTA)) marginally, but not significantly (P = 0.3327), decreased kB-luciferase activity, and BAPTA effectively eliminated NF-kB transcriptional activation (P ≤ 0.001). Transcriptional activation from the NFAT-responsive element was significantly inhibited by either BAPTA or EGTA (P ≤ 0.005 for both).
global or only local cytoplasmic Ca 2+ elevations are required for signaling to NF-κB, we used intracellular BAPTA, Br 2 -BAPTA and EGTA to chelate activity-generated Ca 2+ elevations. Synaptic activity was enhanced and NF-κB was activated by suppressing inhibitory neurons with a brief application of the GABA A blocker bicuculline (30 s, 50 µM; see Methods) 21 (Fig. 3) . These conditions are expected to produce bursts with a maximum of ∼50 spikes/s (ref. 21); global Ca 2+ fluxes resulting from stimuli of this magnitude can be effectively buffered by both EGTA and BAPTA 22, 23 .
Of the three Ca 2+ chelators, only BAPTA was capable of blocking NF-κB activation as assessed by κB DNA-binding (Fig. 3c) . BAPTA and EGTA (previously used for CREB characterization 22 ) have a similar high affinity for Ca 2+ (K d ≈ 160 nM), but due to a faster on-rate, BAPTA chelates Ca 2+ rapidly in the submembranous space, whereas the slower on-rate of EGTA allows Ca 2+ to spread to within 1-2 µm from the point of influx. Br 2 -BAPTA has the same rapid Ca 2+ on-rate as BAPTA, but a much lower equilibrium affinity (K d ≈ 3.6 µM). It is thus equi-effective in the submembranous space, but allows Ca 2+ to reach a higher steady-state concentration and serves as a control for nonspecific effects of BAPTA compounds.
Local Ca 2+ elevation induces transcription
A κB-luciferase reporter was introduced into mature hippocampal cultures by lentiviral infection. As above, enhancement of synaptic activity in the presence of the Ca 2+ chelators, BAPTA, Br 2 -BAPTA, and EGTA, was used to assess transcriptional requirements. Only Ca 2+ chelation by BAPTA blocked transcriptional activation by NF-κB (Fig. 3d) . The NF-κB-dependence of transcription induced by synaptic activity was verified using p65-deficient cultures as well as a reporter containing a mutant NF-κB-binding sequence ( Supplementary Fig. 3 online) .
The observed pattern of NF-κB-transcriptional responses narrows the Ca 2+ requirement to micromolar levels within 1-2 µm of the point of influx. Thus, a locus of Ca 2+ action restricted to the submembranous space is sufficient to effectively activate NF-κB-dependent transcription in the nucleus in response to synaptic excitation. In contrast, transcription from an NFAT-responsive element was significantly inhibited by intracellular Ca 2+ chelation with both BAPTA and EGTA (Fig. 3d) . NFAT is related to NF-κB and also activated by endogenous synaptic activity 1 . NFAT dependence on calcineurin, a phosphatase that is not known to be concentrated in the submembranous space, may explain the lack of activation by local Ca 2+ influx; our findings are in agreement with previous work examining the Ca 2+ requirements for NFAT translocation 23 .
Behavioral analysis of p65-deficient mice κB-mediated transcription in response to synaptic stimulation was greatly reduced in hippocampal cultures from p65-deficient mice (see Supplementary Methods online), despite the presence of other NF-κB subunits. These mice therefore presented us with an opportunity to explore the physiological function of NF-κB in the CNS. Brains of adult TNFR -/-p65 -/-and TNFR -/-p65 +/+ mice appeared normal by gross examination and synaptophysin immunoreactivity. Hoechst (#33342)-stained sections of hippocampus, cortex and cerebellum were not distinguishable from those of wild-type mice (see Supplementary Methods online). The lack of developmental defects in p65-deficient mice could be related to a postnatal increase in NF-κB activity in the CNS 24, 25 (but see ref. 26) or to the fact that other NF-κB subunits remain intact. Observation of mice in their home cages revealed no obvious behavioral differences between wildtype and p65-deficient mice. Because of the possible involvement of activity-dependent transcription in learning and memory, we tested adult p65-knockout mice in learning tasks to further evaluate the physiological function of NF-κB in the adult CNS.
Adult male mice were tested on both spatial and cued versions of the radial arm maze (RAM). The spatial RAM required the mice to remember and avoid previously visited arms in order to receive food rewards. Repeated-measures analysis of variance (ANOVA) revealed that TNFR -/-p65 -/-mice made significantly more errors than TNFR -/-p65 +/+ siblings (n = 11,17; P ≤ 0.05) by returning to arms already visited on the test trial (Fig. 4a) or on the sample trial (Fig. 4b) . The percentage of correct choices made in the first four arm entries during the test trial (where a total of four correct arm choices exist) were also evaluated (Fig. 4c) . ANOVA on the percentage correct revealed that TNFR -/-p65 -/-mice made significantly fewer correct choices (P ≤ 0.05) than TNFR -/-p65 +/+ siblings for days 2-14. The cued version of the RAM required mice to learn that all lit arms contained food rewards and did not require the use of spatial information (see Supplementary Methods online). ANOVA revealed no significant difference between TNFR -/-p65 -/-mice and TNFR -/-p65 +/+ siblings (n = 9,9; P ≤ 0.05) in the percentage of correct arm choices on the cued RAM (Fig. 4d) . Spatial versions of the RAM depend on the hippocampus, whereas cued versions require the striatum 27 . EMSA of NF-κB activity in p65-deficient brain extracts from both striatum and hippocampus ( Supplementary  Fig. 4 online) , as well as cortex and cerebellum (data not shown), revealed the expected absence of p65 without differential compensatory upregulation of other NF-κB DNA-binding activities.
Exploratory behavior and locomotion evaluated by total arms visited in a naive RAM trial (first trial of first day) were not significantly different between p65 wild-type and deficient mice (12.2 ± 1.8, 9.4 ± 2.0). Quandrant crossings in a novel open-cage environment, an additional measure of exploratory activity and motor performance, also did not differ significantly between p65 wild-type and deficient mice (17.1 ± 1.6, 18.2 ± 1.5; Supplementary  Fig. 5 online) . Together with equivalent performance on cued RAM and eventual equivalent performance after extended training on the spatial RAM, these measures suggest that the learning deficits of p65-deficient mice were not due to gross differences in motivational, perceptual or motor skills.
DISCUSSION
We have explored the neuronal function of a potent transcription factor, NF-κB, which is critical to host defense and is found in almost all cells. The activation of neuronal NF-κB by glutamate is welldocumented, but the majority of attention to NF-κB in the CNS has focused on its function in response to injury and stress in analogy to its immune system role (for review, see ref. 5). Our finding that NF-κB is activated by basal synaptic stimulation and that deletion of the p65 subunit produces learning deficits establishes a physiological role for this transcription factor in normal adult brain function.
A major challenge for cellular physiologists is to determine how specificity of response is achieved from generic stimuli such as Ca 2+ influx. Importantly, synaptic inputs that differ in their capacity to elevate cytoplasmic and nuclear levels of Ca 2+ in postsynaptic neurons can generate different programs of gene expression. The intracellular localization of NF-κB and its sensitivity to submembranous Ca 2+ elevation make it ideally situated to provide an additional level of synapseto-nucleus transcriptional control. The ability of NF-κB to regulate transcription in response to locally restricted Ca 2+ fluxes and CaMKII activation could permit it to sum multiple, even subthreshold, synaptic inputs and might form the basis of a unique activity-dependent function in neurons. Further experiments are needed to validate this speculation. CREB, for example, although phosphorylated by submembranous Ca 2+ elevation 22 , requires a rise in nuclear Ca 2+ to become transcriptionally active 28 . Direct nuclear translocation of locally activated NF-κB provides the simplest explanation for our finding of transcriptional activation in response to local Ca 2+ elevation. A possible contribution of an alternate pathway for communicating the Ca 2+ signal to the nucleus (as has been invoked for CREB 29, 30 ) cannot be excluded, but unlike CREB, NF-κB does not reside in the nucleus in significant quantities in the unstimulated state.
To our knowledge, the behavioral effects of p65-deficiency have not been previously studied. There are reports, though, that NF-κB DNA-binding activity is selectively enhanced by training that induces long-term memory in crabs 31 and that NF-κB activation may participate in plasticity in in vitro hippocampal preparations 11, 32 . Knockout or targeted disruption of either CREB or Zif268 transcription factors, both Ca 2+ -activated, alters the performance of mice in both spatial and non-spatial learning tasks 33, 34 . However, examination of a variety of transcription factor knockout mice [35] [36] [37] [38] for deficits in learning tasks has thus-far yielded convincing evidence for relatively few. Collectively, our behavioral data suggest that some forms of learning, such as those depending on the striatum, are intact in p65-knockout mice. The results are more consistent with a selective deficit in systems involved in spatial learning that require the hippocampus. The findings presented here delineate a behavioral pathway requiring the p65 subunit of NF-κB and define a new CaMKII-dependent mechanism of transcriptional activation that likely functions cooperatively with other events to shape the biological response to synaptic stimulation.
METHODS
The care and use of animals met all guidelines of the local IACUC (Caltech, UCLA).
Cultured neurons and synaptosomes. Dissociated hippocampal neuron cultures were prepared from postnatal day 1 (P1) mice as previously described 39 and plated onto poly-L-lysine coated dishes (Corning or MatTek) at a density of 45,000-50,000 cells/cm 2 . Cultures matured for 12-15 d in Neurobasal A medium + B27 supplement (Gibco). At this density, mature processes and synaptic connections are expected to be present by day 12 (ref. 40) . Glial cultures were maintained in Neurobasal A + G5 supplement (Gibco). Cells were bathed in artificial cerebral spinal fluid (ACSF; 138 mM NaCl, 5.3 mM KCl, 1.0 mM MgCl 2 , 1.2 mM CaCl 2 , 0.3 mM NaH 2 PO 4 , 0.4 mM KH 2 PO 4 , 10 mM HEPES, 20 mM glucose) for all stimulations except NMDA, which used lowered magnesium. Cultures were made quiescent by incubation in 1 µM TTX/40 µM CNQX/100 µM APV for 8-24 h prior to harvesting cells. For stimulations, neurons were washed (2×, 10-min interval) and stimulated in the absence of these inhibitors at 37 °C. Leptomycin B (gift from the laboratory of M. Yoshida, University of Tokyo) was used at a final concentration of 20-40 nM. Synaptosomes were prepared as previously described 41 .
Constructs and transfection.
A construct of enhanced GFP (Clontech) fused directly to the N-terminal portion of p65 was inserted into a MSCV vector, under control of a minimal CMV promoter (Supplementary Methods online). In biolistic transfection experiments, mature hippocampal cultures were transfected according to the manufacturer's protocol (Bio-Rad) 12-48 h before experimentation. Gold particles of 1.0 or 0.6 µm in diameter were coated with 0.2-0.5 µg DNA per µg of gold using 0.01% polyvinylpyrrolidone/ethanol.
Electrophoretic mobility shift assays. EMSAs were performed by incubating nuclear extracts with a radiolabeled DNA oligonucleotide containing the κB sequence (Supplementary Methods online) . Binding of active NF-κB retards the mobility of the DNA during subsequent electrophoresis. EMSAs were done essentially as described 42 using nuclear or cytoplasmic extracts prepared from primary cultures or synaptosomes, and were reproduced 3-5 times each. Representative EMSAs or averaged data are shown.
antCNt was made by attaching a cell-permeabilizing sequence, derived from the antennapedia protein, to a peptide from the endogenously produced CaMKII inhibitor protein 18 (with K.U. Bayer, Stanford, and H. Schulman, SurroMed 19 ; see Supplementary Methods online). The endogenous inhibitor demonstrates highly selective inhibition of CaMKII over PKA, PKC, CaMKK, CaMKI and CaMKIV. At concentrations corresponding to those we used, complete inhibition of CaMKII with no detectable inhibition of any of the other kinases was seen 18, 43 . Thus, we infer that inhibition specifically of CaMKII (rather than CaMKI or CaMKIV) must be sufficient to eliminate the observed Ca 2+ -dependent activation of NF-κB. In the reverse-order version of the CaMKII inhibitor, the antennapedia sequence was left in the correct orientation. Inhibitors of CaMK and calcineurin were incubated with neuronal cultures for 1 h prior to and during stimulation.
Intracellular Ca 2+ chelation for EMSA and reporter experiments was accomplished by loading cultures with membrane-permeant acetoxymethyl ester (AM)-derivatives of EGTA (50 or 100 µM), BAPTA (50 µM) or Br 2 -BAPTA (50 µM)(Molecular Probes) for 30 min at 37 °C. Cultures were then washed twice and incubated for an additional 30 min at 37 °C to allow complete intracellular de-esterification of the chelators.
Microscopy. Confocal images of living, transiently transfected neurons were acquired in 0.3-0.4 µm sections and image analysis conducted on z-compressed stacks containing the entire neuron or region of interest. GFP was excited at 488 nm and emissions collected at 510-550 nm. Images were acquired keeping fluorescence signals from dendrites within the dynamic range; pixel intensities in the cell body/nucleus were necessarily sometimes at saturating levels. Identical acquisition parameters and settings were used for control and stimulated phases in a given experiment. Cells were maintained at 35-36.5°C by heated perfusion during image acquisition. For further details of GFPp65 imaging, see Supplementary Methods online. GFPp65-transfected neurons selected for FRAP experiments 44 were first imaged at 50% laser power; defined regions were then phtobleached by continuous scanning at 80-90% laser power for 15-30 min until a ∼90% decrease
